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PROBLEM TO BE SOLVED: To provide a surface- 



110 includes annular parts 140a1 to 140a4 that are 
similar to one part of the inner circumference 1 1 la of the 

cunrent constriction layer 111. Each annular part is formed in each of <010>, <001>, <0-10>, 
and <00-1> directions from the center of the inner circumference 1 1 la of the current 
constriction layer 111, and at the same time is formed nearly concentrically with one part of 
the shape of the inner circumference 111a. 
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emitting semiconductor laser that can effectively obtain a 
laser beam that is set to a single horizontal mode, and at 
the same time has a beam shape close to a round, and 
its manufacturing method. 

SOLUTION: In a surface-emitting semiconductor laser 
100, a resonator 120 is formed on a semiconductor 
substrate 101 with a plane index (100). The resonator 
120 includes a columnar part 110, and a current 
constriction layer 1 1 1 is formed at the columnar part 110. 
On a surface including the current constriction layer 111, 
the shape of a circumference 140 at the columnar part 
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* NOTICES * 

JPO and NCI PI are no^ responsible for any 
damages caused by t:he use of "this 'translatrion. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the field luminescence mold semiconductor laser which a resonator is formed on the 
semi-conductor substrate which has indices of crystal plane (100), and carries out outgoing radiation of 
the laser beam from this resonator to said semi-conductor substrate and perpendicular direction. Said 
resonator In the field where the semi-conductor deposition object of the shape of said column contains 
said current constriction layer at least in a part including a cvurent constriction layer including a coliunn- 
like semi-conductor deposition object The configuration of the periphery of the semi-conductor 
deposition object of the shape of said column contains a part of configuration of the inner circumference 
edge of said cmrent constriction layer, and the arc-shaped configuration section to approximate. Said 
arc-shaped configuration section Field limiinescence mold semiconductor laser currently formed in the 
<010> directions, the <001> directions, the <0-10> direction, and the <00-l> direction from the core of 
the inner circumference edge of said current constriction layer, respectively. 
[Claim 2] Field limiinescence mold semiconductor laser by which the part and said arc-shaped 
configuration section of a configuration of said current constriction layer are mostly formed in 
concentric circular in claim 1. [ of an inner circimiference edge ] 

[Claim 3] In claims 1 or 2 said arc-shaped configxiration section The inner circumference edge of said 
current constriction layer From the core of the inner circumference edge of said current constriction 
layer to the <01-1> direction Field Imninescence mold semiconductor laser which is in the condition on 
which the configuration which divides, respectively in the <01 1> directions, the <0-l 1> direction, and 
the <0-l-l> direction, and is acquired in them was made to project in the <010> directions, the <001> 
directions, the <0-10> direction, and the <00-l> direction, respectively. 

[Claim 4] Field luminescence mold semiconductor laser with a distance respectively almost equal [ from 
the core of the inner circumference edge of said current constriction layer to said arc-shaped 
configuration section ] in either of claims 1-3. 

[Claim 5] It is the field luminescence mold semiconductor laser which has the configuration where said 
arc-shaped configiiration section divided the inner circumference edge of said current constriction layer 
into one fourth in either of claims 1-4. 

[Claim 6] Field luminescence mold semiconductor laser currently formed outside in the field containing 
said current constriction layer in either of claims 1-5 from the segment which connects said arc-shaped 
configuration sections which the periphery of the semi-conductor deposition object of the shape of said 
column except said arc-shaped configuration section adjoins. 

[Claim 7] Field luminescence mold semiconductor laser whose periphery of the semi-conductor 
deposition object of the shape of said colxmm excluding [ on the field which contains said current 
constriction layer in either of claims 1-6, and ] said arc-shaped configuration section is a curve-Uke. 
[Claim 8] Field luminescence mold semiconductor laser whose periphery of the semi-conductor 
deposition object of the shape of said colvunn excluding [ on the field which contains said current 
constriction layer in either of claims 1-7, and ] said arc-shaped configuration section is a straight line- 
Uke. 
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[Claim 9] It is the field luminescence mold semiconductor laser currently formed in the periphery of the 
semi-conductor deposition object of the shape of said column excluding [ on the field which the 
distortion adjunct for making said barrier layer generate distortion in either of claims 1-8 is formed in 
the semi-conductor deposition object of the shape of said colxomn, and contains said ciirrent constriction 
layer, and / said distortion adjunct ] said arc-shaped configuration section. 

[Claim 10] Field luminescence mold semiconductor laser whose iimer circxmiference edge of said 
current constriction layer is a perfect circle form in claims 1-9. 

[Claim 11] The manufacture approach of the field liuninescence mold semiconductor laser containing 
following process (a) - (c). 

(a) The process which carries out the laminating of the semi-conductor deposit containing the layer for 
forming a cxirrent constriction layer in the fi-ont face of the semi-conductor substrate which has indices 
of crystal plane (100), (b) In the field containing the layer for being the process which etches said semi- 
conductor deposit and forms a column-like semi-conductor deposition object, and forming said current 
constriction layer From the core of the inner circumference edge of said current constriction layer which 
designs the configuration of the inner circumference edge of a current constriction layer in the 
predetermined configuration, and was designed, respectively The <010> directions, The process which 
forms the semi-conductor deposition object of the shape of said column which contains a part of 
configuration of the inner circumference edge of said designed current constriction layer, and the arc- 
shaped configuration section to approximate in the periphery in the <001> directions, the <0-10> 
direction, and the <00-l> direction, and (c) — the process which forms the current constriction layer 
which has the designed predetermined configuration and the almost same configuration fi-om the layer 
for forming this current constriction layer by oxidizing the layer for forming said current constriction 
layer firom a side face. 

[Claim 12] A part of configuration of the inner circumference edge of said cxm-ent constriction layer 
designed in said process (b) in claim 11, and the manufacture approach of the field luminescence mold 
semiconductor laser which forms said arc-shaped configuration section in concentric circular mostly. 
[Claim 13] From the core of the inner circumference edge of said current constriction layer designed in 
said process (b) in claims 11 or 12 to the <01-1> direction The configuration which divides the inner 
circumference edge of said current constriction layer in the <01 1> directions, the <0-l 1> direction, and 
the <0-l-l> direction, and is acquired in them The manufacture approach of the field luminescence 
mold semiconductor laser which is made to project in the <010> directions, the <001> directions, the 
<0-10> direction, and the <00-l> direction, respectively, and forms said arc-shaped configuration 
section. 

[Claim 14] Field limiinescence mold semiconductor laser formed so that the distance fi-om the core of 
the inner circumference edge of said designed current constriction layer to said arc-shaped configuration 
section may become almost equal in said process (b) in either of claims 11-13. 

[Claim 15] The manufacture approach of the field luminescence mold semiconductor laser which forms 
said arc-shaped configuration section in one fourth of the configurations of the inner circumference edge 
of said designed current constriction layer in said process (b) in either of claims 11-14. 
[Claim 16] The manufacture approach of the field luminescence mold semiconductor laser formed 
outside from the segment which connects said arc-shaped configuration sections which adjoin the 
periphery of the semi-conductor deposition object of the shape of said column except said arc-shaped 
configuration section in the field which contains said designed current constriction layer in said process 

(b) in either of claims 11-15. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the field luminescence mold semiconductor laser which 
carries out outgoing radiation of the laser beam vertically to a semi-conductor substrate, and its 
manufacture approach. 
[0002] 

[Background of the Invention] Field luminescence mold semiconductor laser is semiconductor laser 
which carries out outgoing radiation of the laser beam vertically to a semi-conductor substrate, and the 
resonator is perpendicularly formed on the semi-conductor substrate. After this resonator oscillates a 
laser beam, outgoing radiation of it is carried out, the laminating of a reflecting layer, a barrier layer, and 
the reflecting layer is carried out to order, and it is constituted. 

[0003] As one of the means to make field luminescence mold semiconductor laser efficient, the structure 
where the current constriction layer was formed is proposed and it is widely used for said a part of 
reflecting layer. This current constriction layer is formed by oxidizing this layer for current constriction 
stratification firom a side face, after forming in said a part of reflecting layer the layer for current 
constriction stratification (layer for forming a current constriction layer) which consists of an AlAs 
layer. Here, inside a current constriction layer, the layer for current constriction stratification which did 
not oxidize remains. For this reason, a current constriction layer has the shape of so-called anchor ring 
which has an inner circumference edge and a periphery edge. 

[0004] Moreover, compared with end- face laser, it is mentioned as one of the descriptions which was 
excellent in field luminescence mold semiconductor laser that a laser radiation angle is isotropic and 
small. For this reason, as for field luminescence mold semiconductor laser, the application as the light 
source is expected in optic fiber commimication, optical juxtaposition information processing, etc. 
[0005] It is desirable for the laser beam by which outgoing radiation is carried out fi-om field 
limiinescence mold semiconductor laser to be single transverse mode, and to have the shape of beam 
more near a perfect circle especially, if coupling effectiveness with an optical fiber is taken into 
consideration when using field luminescence mold semiconductor laser for the light source of the optical 
communication which used the optical fiber, for example. In order to obtain the field luminescence mold 
semiconductor laser which has such the shape of beam, it is desirable for the inner circumference section 
of the cxirrent constriction layer mentioned above to have a configuration more near a perfect circle. 
[0006] However, as mentioned above, since a current constriction layer was formed by oxidizing the 
layer for current constriction stratification fi"om a side face, it had the case where it was difficult to 
control an inner circumference edge in the configuration more near a perfect circle depending on the 
conditions of oxidation. 
[0007] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer the field luminescence 
mold semiconductor laser which is single transverse mode and can obtain efficiently the laser beam 
which has the shape of beam more near a perfect circle, and its process approach. 
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[0008] 

[Means for Solving the Problem] (A) A resonator is formed on the semi-conductor substrate with which 
the field luminescence mold semiconductor leiser of this invention has indices of crystal plane (100). It is 
the field luminescence mold semiconductor laser which carries out outgoing radiation of the laser beam 
fi-om this resonator to said semi-conductor substrate and perpendicular direction. Said resonator In the 
field where the semi-conductor deposition object of the shape of said colunm contains said current 
constriction layer at least in a part including a current constriction layer including a column-like semi- 
conductor deposition object The configuration of the periphery of the semi-conductor deposition object 
of the shape of said column contains a part of configuration of the inner circumference edge of said 
current constriction layer, and the arc-shaped configuration section to approximate. Said arc-shaped 
configuration section It is formed in the <010> directions, the <001> directions, the <0-10> direction, 
and the <00-l> direction fi'om the core of the iimer circumference edge of said current constriction 
layer, respectively. 

[0009] With the semi-conductor substrate which has the indices of crystal plane (100) said to this 
application, not only the semi-conductor substrate that has indices of crystal plane (100) strictly but the 
dip substrate which has the substrate fi-ont face to which it inclined the minute include angle to the field 
(100) (to about 5 degrees) is included. 

[0010] Moreover, the crystal orientation in the semi-conductor substrate with which the <010> 
directions said to this application, flie <001> directions, the <0-10> direction, and the <00-l> direction 
have indices of crystal plane (100) is said. 

[001 1] According to this field luminescence mold semiconductor laser, the laser beam which has the 
shape of beam more near a perfect circle can be obtained. In detail, it explains in fiill detail in the 
column of the gestalt of operation of this invention. 

[0012] (1) - (9) can be illustrated as a desirable mode of said field liuninescence mold semiconductor 
laser. 

[0013] (1) It is desirable to form mostly the part and said arc-shaped configuration section of a 
configuration of said current constriction layer in concentric circular. [ of an inner circumference edge ] 
[0014] Said arc-shaped configuration section the irmer circumference edge of said current constriction 
layer (2) From the core of the inner circumference edge of said current constriction layer to the <01-1> 
direction It is desirable that it is in the condition on which the configuration which divides, respectively 
in the <01 1> directions, the <0-l 1> direction, and the <0-l-l> direction, and is acquired in them was 
made to project in the <010> directions, the <001> directions, the <0-10> direction, and the <00-l> 
direction, respectively. 

[0015] The crystal orientation in the semi-conductor substrate with which the <01-1> direction said to 
this application, the <01 1> directions, the <0-ll> direction, and the <0-l-l> direction have indices of 
crystal plane (100) is said. 

[0016] According to this configuration, the effectiveness mentioned above can be acquired. 

[0017] (3) Distance from the core of the inner circumference edge of said ciurent constriction layer to 

said arc-shaped configuration section can be made almost respectively equal. 

[0018] (4) Said arc-shaped configuration section can be made into the configuration where the iimer 
circumference edge of said cxm-ent constriction layer was divided into one fourth. 
[0019] (5) In the field containing said current constriction layer, it can form outside from the segment 
which connects said arc-shaped configuration sections which adjoin the periphery of the semi-conductor 
deposition object of the shape of said column except said arc-shaped configuration section. When 
according to this configuration oxidizing the semi-conductor deposition object of the shape of said 
column from a side face and forming said current constriction layer, the configuration of said current 
constriction layer can be controlled circularly. 

[0020] (6) In the field containing said cxurent constriction layer, the periphery of the semi-conductor 
deposition object of the shape of said colxmin except said arc-shaped configuration section can be made 
into the shape of a curve. 

[0021] (7) In the field containing said current constriction layer, the periphery of the semi-conductor 
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deposition object of the shape of said column except said arc-shaped configuration section can be made 
into the shape of a straight line. 

[0022] (8) The distortion adjunct for making said barrier layer generate distortion is formed in the semi- 
conductor deposition object of the shape of said colxmm, and can form said distortion adjimct in the 
periphery of the semi-conductor deposition object of the shape of said column except said arc-shaped 
configuration section in the field containing said current constriction layer. 

[0023] According to this configuration, polarization of a laser beam is controllable by forming said 
distortion adjimct in the semi-conductor deposition object of the shape of said column. 
[0024] (9) The inner circumference edge of said current constriction layer can be made into a perfect 
circle forai. 

[0025] (B) The manufacture approach of the field luminescence mold semiconductor laser concerning 
this invention contains following process (a) - (c). 

[0026] (a) The process which carries out the laminating of the semi-conductor deposit containing the 
layer for forming a current constriction layer in the front face of the semi-conductor substrate which has 
indices of crystal plane (100), (b) In the field containing the layer for being the process which etches 
said semi-conductor deposit and forms a column-Uke semi-conductor deposition object, and forming 
said cxirrent constriction layer From the core of the inner circumference edge of said current constriction 
layer which designs the configuration of the inner circumference edge of a current constriction layer in 
the predetermined configuration, and was designed, respectively The <010> directions. The process 
which forms the semi-conductor deposition object of the shape of said column which contains a part of 
configuration of the inner circumference edge of said designed current constriction layer, and the arc- 
shaped configuration section to approximate in the periphery in the <001> directions, tiie <0-10> 
direction, and the <00-l> direction, and (c) — the process which fomis the current constriction layer 
which has the designed predetermined configuration and the almost same configuration from the layer 
for forming this current constriction layer by oxidizing the layer for forming said current constriction 
layer from a side face. 

[0027] According to this manufacture approach, the configuration of the inner circumference edge of a 
cxm-ent constriction layer is first designed in the predetermined configuration, and the periphery forms 
the semi-conductor deposition object of the shape of said colunm which has a predetermined 
configiiration based on the configuration of the inner circumference edge of the designed current 
constriction layer. That is, the current constriction layer which has the inner circimiference edge of the 
designed predetermined configuration and the almost same configuration can be formed by forming the 
semi-conductor deposition object of the shape of said column which has the configuration of a periphery 
where the configuration of the inner circimiference edge of said current constriction layer was reflected. 
The field luminescence mold semiconductor laser which carries out outgoing radiation of the laser beam 
which has the shape of beam more near a perfect circle can be obtained by forming the inner 
circumference edge of a current constriction layer circularly especially. 

[0028] (1) - (5) can be illustrated as a desirable mode of the manufacture approach of said field 
luminescence mold semiconductor laser. 

[0029] (1) In said process (b), said arc-shaped configuration section can be mostly formed in concentric 
circular with a part of configuration of the irmer circumference edge of said designed current 
constriction layer. 

[0030] (2) From the core of the inner circumference edge of said current constriction layer designed in 
said process (b) to the <01-1> direction The configuration which divides the iimer circumference edge 
of said current constriction layer in the <01 1> directions, the <0-l 1> direction, and the <0-l-l> 
direction, and is acquired in them It can be made to be able to project in the <010> directions, the <001> 
directions, the <0-10> direction, and the <00-l> direction, respectively, and said arc-shaped 
configuration section can be formed. 

[0031] (3) In said process (b), it can form so that the distance from the core of the inner circumference 
edge of said designed current constriction layer to said arc-shaped configuration section may become 
almost equal. 
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[0032] (4) Said arc-shaped configuration section can be formed in one foxirth of the configurations of the 
inner circumference edge of said designed current constriction layer in said process (b). 
[0033] (5) In said process (b), it can form outside in the field containing said designed current 
constriction layer from the segment which connects said 5irc-shaped configuration sections which adjoin 
the periphery of the semi-conductor deposition object of the shape of said column except said arc- 
shaped configuration section. 
[0034] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained, 

referring to a drawing. 

[0035] (Gestalt of the 1st operation) 

(Manufacture process of a device) The manufacture approach of the field luminescence mold 
semiconductor laser 100 (henceforth a "surface emission-type laser") concerning the gestalt of operation 
of the 1st of this invention is first explained using drawing 4 -7. Drawing 4 -6 are the sectional view 
showing typically the production process of the surface emission-type laser 100 concerning the gestalt 
of this operation. Drawing 7 is drawing showing typically the cross section at the time of cutting the 
pillar-shaped section 110 formed in the production process of a surface emission-type laser 100 shown 
in drawing 5 in the field containing layer 107a for current constriction stratification. 
[0036] The manufacture approach of tihe surface emission-type laser 100 concerning the gestalt of this 
operation mainly consists of following process (a) - (c). A process (a) is a process which carries out the 
laminating of the semi-conductor deposit 150 containing layer 107a for current constriction stratification 
to the front face of the semi-conductor substrate 101 which has indices of crystal plane (100). A process 
(b) is a process which etches said semi-conductor deposit 150 and forms the pillar-shaped section 110. 
In the field which contains layer 107a for current constriction stratification according to this process The 
configuration of inner circumference marginal 1 1 la of the current constriction layer 111 formed in a 
next process is designed in the predetermined configuration (circle 1 1 Ix shown in drawing 7 ). From the 
core of the inner circumference edge of the designed current constriction layer 111, respectively The 
<010> directions, The pillar-shaped section 110 which contains a part of configxiration of the inner 
circumference edge of the designed current constriction layer 111 and the arc-shaped configuration 
section 140al,140a2,140a3,140a4 to approximate in the periphery 140 is formed in the <001> 
directions, the <0-10> direction, and the <00-l> direction. A process (c) is a process which forms the 
current constriction layer 111 which has the designed predetermined configuration (circle 1 1 Ix) and the 
almost same configuration from the layer 107 for current constriction stratification by oxidizing the 
layer 107 for current constriction stratification from a side face. 

[0037] The surface emission-type laser 100 shown in drawing 1 according to the above process is 
obtained. 

[0038] First, a process (a) is explained. 

[0039] (a) It consists of an n mold GaAs, and form the semi-conductor deposit 150 shown in drawing 4 
by carrying out epitaxial growth, making the front face of the semi-conductor substrate 101 which has 
indices of crystal plane (100) modulate a presentation. The lower mirror 103 which carried out the 
laminating of the buffer layer 102 and n mold aluminumO.9GaO.lAs layer which consist of an n mold 
GaAs, and the n mold aluminimiO.2GaO.8As layer by tums in the semi-conductor deposit 1 50 here, n 
mold cladding layer 104a which consists of n mold aluminumO.5GaO.5As, GaAs — a well — from a layer 
and an aluminumO.3GaO.7As barrier layer ~ becoming — a well — barrier layer 105a of the multiplex 
well structure where a layer consists of three layers — p mold cladding layer 106a which consists of 
aluminumO.5GaO.5As, current constriction layer 107a which consists of a p mold ALAs, Say up mirror 
108a which carried out the laminating of a p mold aluminum0.9Ga0.1 As layer and the p mold 
aluminumO.2GaO.8As layer by tums, and contact layer 109a which consists of a p mold GaAs, these 
layers are made to **** on the semi-conductor substrate 101 in order, and the semi-conductor deposit 
150 is formed. Moreover, the near field in which the front face of the semi-conductor substrate 101 
forms a resonator 120 at a next process in the semi-conductor substrate 101 is said. 
[0040] Here, in order to form the current constriction layer 111 into the pillar-shaped section 1 10 in the 
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process mentioned later, layer 107a for current constriction stratification which consists of a p mold 
AlAs with a thickness of 30nm is formed into up mirror 108a. In addition, the location in which the 
current constriction layer 1 1 1 is installed is not necessarily limited to this location, and it is desirable 
from right above [ of p mold cladding layer 106a ] to install [ of the thickness of up mirror 108a ] about 
1/in before the location of 2. 

[0041] Although the temperature at the time of performing epitaxial growth is suitably determined by 
the class of semi-conductor substrate 101 or the class of semi-conductor deposit 150 which forms, and 
thickness, generally it is desirable that it is 600-800 degrees C. Moreover, the duration at the time of 
performing epitaxial growth as well as temperature is determined suitably, moreover — as the approach 
of carrying out epitaxial growth — organic metal vapor growth (MOVPE:Metal-Organic Vapor Phase 
Epitaxy) — law and MBE — law (Molecular Beam Epitaxy) — law or LPE — law (Liquid PhaseEpitaxy) 
can be used. 

[0042] Then, a process (b) is explained. 

[0043] (b) Then, on contact layer 109a, form the resist layer (not shown) of a predetermined pattern by 
carrying out patterning of this photoresist by the photolithography after applying a photoresist (not 
shoAvn). Subsequently, the part applied to n mold cladding layer 104a among resonators 120 from the 
laser beam outgoing radiation side of a surface emission-type laser 100, i.e., contact layer 109a, up 
mirror 108a, layer 107for current constriction stratification a, p mold cladding layer 106a, barrier layer 
105a, and n mold cladding layer 104a are etched by the dry etching method by using this resist layer as a 
mask, and the pillar-shaped section 110 shown in drawing 5 is formed. Here, in the pillar- shaped section 
1 10, it is some resonators 120 and a colxram-like semi-conductor deposition object is said. It sees 
clitteringly a laser beam outgoing radiation side, is etched in the shape of [ of 20 micrometer aroxmd ] a 
false rectangle by the above, and the contact layer 109, the up mirror 108, the layer 107 for cim-ent 
constriction stratification, p mold cladding layer 106, a barrier layer 105, and n mold cladding layer 104 
are formed of it. In addition, in this process, tibe layer etched is not limited to these but is suitably 
determined by the configuration of the resonator made into the object. 

[0044] Here, the configuration of the pillar-shaped section 110 formed by etching is described in detail 
below. 

[0045] In the process which forms a surface emission-type laser using the semi-conductor substrate 
which has indices of crystal plane (100), when forming a cxirrent constriction layer by oxidation of the 
layer for current constriction stratification, the anisotropy relevant to the crystal orientation of a semi- 
conductor substrate exists in the oxidation rate of the layer for current constriction stratification. The 
oxidation rate of the layer for formation for current constrictions has the <010> directions, the <001> 
directions, the <0-10> direction, and the quickest <00-l> direction, priority is given in these directions 
and, specifically, a current constriction layer is formed. 

[0046] In this invention, the configuration and magnitude of inner circxmiference marginal 111a (R> 
drawing 3 3 reference) of the current constriction layer 111 for which it asks based on the anisotropy 
relevant to the crystal orientation of the semi-conductor substrate 101 existing to the oxidation rate of 
the content 107 mentioned above, i.e., the layer for current constriction stratification, form the pillar- 
shaped section 110 reflected in the configuration of a periphery 140. 

[0047] First, as shown in drawing 7 , specifically, it assumes forming the current constriction layer 111 
from which a periphery constitutes circle 1 1 Ix (broken-line section) of a bore rl in the field containing 
the layer 107 for current constriction stratification. That is, the configuration of the inner circumference 
edge of the current constriction layer 1 1 1 is designed first. From the core of the inner circumference 
edge of the designed current constriction layer 1 1 1 to then, the <01-1> direction In the <01 1> directions, 
the <0-l 1> direction, and the <0-l-l> direction The arc-shaped configuration section 
1 1 1x1,1 1 1x2,1 1 1x3,1 1 1x4 which divides circle 1 1 Ix and is obtained The pillar-shaped section 110 
which contains in the configuration of the periphery 140 the arc-shaped configuration section 
140al,140a2,140a3,140a4 which is made to project in the <010> directions, the <001> directions, the 
<0-10> direction, and the <00-l> direction, respectively, and is obtained is formed. That is, the arc- 
shaped configuration section 140al,140a2,140a3,140a4 is the almost same arc-shaped magnitude as the 
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configuration section 111x1, 111 x2, 111 x3, 111 x4 and an arc-shaped configuration, and is mostly formed 
in concentric circular, respectively. 

[0048] The arc-shaped configuration section 111x1, 111 x2, 111 x3, 111 x4 has the configuration which 
divides into one fourth circle 1 1 Ix constituted by the inner circumference edge of the current 
constriction layer 111 for which it asks, and is acquired. Therefore, it has the configuration fi-om which 
the arc-shaped configuration section 140al,140a2,140a3,140a4 divides circle 1 1 Ix into one fourth 
similarly, and is obtained. Furthermore, the arc-shaped configuration section 140al,140a2,140a3,140a4 
is formed in the location where the distance 114 between distance 113,140a4 between distance 112,140a3 
between distance 11 l,140a2 and 1 1 1 x2 between the arc-shaped configuration section 140al and 1 1 1x1 
and 1 1 1x3 and 1 1 1x4 becomes almost equal. 

[0049] Moreover, in the field containing the layer 107 for current constriction stratification, as shown in 
drawing 7 , the configuration of the periphery 140 of the pillar-shaped section 110 consists of segments 
140bl,140b2,140b3,140b4 which connect what the part except the arc-shaped configuration section 
140al,140a2,140a3,140a4 adjoins among these arc-shaped configuration sections. In the gestalt of this 
operation, altiiough the case where the configuration of the periphery 140 of the pillar-shaped section 

1 10 included a segment 140bl,140b2,140b3,140b4 was shown, the configuration of the periphery 140 of 
the pillar- shaped section 1 10 is not limited to this. However, it is desirable to form the configuration of 
the periphery 140 of the pillar-shaped section 1 10 so that the part except the arc-shaped configuration 
section 140al,140a2,140a3,140a4 may exist outside fi-om a segment 140bl,140b2,140b3,140b4. 
[0050] By the above, as shown in drawing 7 , in the field containing the layer 107 for current 
constriction stratification, the configuration of the periphery 140 forms the arc-shaped configuration 
section 140al,140a2,140a3,140a4 and the pillar-shaped section 110 which consists of segments 

1 40b 1 , 1 40b2, 1 40b3, 1 40b4. 

[0051] Then, a process (c) is explained. 

[0052] The layer 107 for current constriction stratification which consists of a p mold AlAs layer is 
exposed to the bottom of an about 400-degree C steam ambient atmosphere. Of this process, the AlAs 
layer oxidizes fi'om the side face to the inside, and the aluminum oxide which is an insulator is formed. 
That is, the layer 107 for current constriction stratification oxidizes fi-om a side face, and as shown in 
drawing 6 , the current constriction layer 111 containing an aluminum oxide and cxirrent valley layer 
107c (part which was not changed into the current constriction layer 111 among the layers 107 for 
current constriction stratification) surrounded in the current constriction layer 1 1 1 in the periphery 
section are formed. In drawing 6 , the cross section at the time of cutting in respect of the current 
constriction layer 111 being included is shown in drawing 3 . As shown in drawing 3 , the current 
constriction layer 111 which has a desired configiaration is obtained according to the above-mentioned 
process. That is, in the field containing the current constriction layer 111, the current constriction layer 

111 which has inner circumference marginal 111a which constitutes the circle of a bore rl is obtained. 
Irmer circumference marginal 111a shown in drawing 3 has the almost same configuration as circle 1 1 Ix 
(refer to drawing 7 ) designed, and magnitude, and is formed in the almost same location. Of the above 
process, a resonator 120 is formed on the semi-conductor substrate 101. 

[0053] Subsequently, the insulating layer 112 which consists of silicon oxide (SiOx film) is formed in a 
part of side face of the pillar-shaped section 110, and the top face of the lower mirror 103 with the CVD 
method which used the mono silane as the raw material. The class of insulating layer is not limited to 
silicon oxide, and may use other insulator layers, such as a silicon nitride film (SiNx film). Or the 
embedded structure using resin ingredients, such as polyimide, may be used. Then, the alloy layer (not 
shown) which consists of an alloy of gold and zinc with a vacuum deposition method is formed in the 
top face of a part in which the insulating layer 1 12 is not formed among the side faces of an insulating 
layer 112 and the pillar-shaped section 110. Subsequently, patteming of said alloy layer is carried out 
using the photolithography method, the up electrode 1 13 is formed, and the lower electrode 115 which 
consists of an alloy of gold and germanium is fiirther formed in the rear face (the field which forms a 
resonator 120 in the semi-conductor substrate 101, and field of an opposite hand) of the semi-conductor 
substrate 101 with a vacuum deposition method. Finally the structure obtained according to the above- 
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mentioned process is heat-treated at 350 degrees C, and ohmic contact of the up electrode 1 13, a 
resonator 120, and the lower electrode 1 15 is carried out. The surface emission-type laser 100 shown in 
drawing 1 is obtained through the above process. 

[0054] (Structure of a device) The surface emission-type laser 100 obtained according to the 
manufacture process mentioned above is shown in drawing 1 - drawing 3 . Drawing 1 is drawing 
showing typically the important section of the flat surface which looked at the surface emission-type 
laser 100 concerning the gestalt of this operation from the side which counters outgoing radiation 
opening of a laser beam. Drawing 2 is the sectional view which cut the surface emission-type laser 100 
shown in drawing 1 along with the A- A line of drawing 1 . Drawing 3 is drawing showing typically the 
cross section at the time of cutting the surface emission-type laser 100 shown in drawing 1 in respect of 
the current constriction layer 111 being included. 

[0055] In the surface emission-type laser 100, the resonator 120 containing the pillar-shaped section 1 10 
is formed on the semi-conductor substrate 101 which has indices of crystal plane (100). The laminating 
of the lower mirror 103, a barrier layer 105, and the up mirror 108 is carried out, and tiie resonator 120 is 
formed. The up electrode 113 which consists of an alloy of gold and zinc is formed in the top face of the 
pillar-shaped section 110. Moreover, in the semi-conductor substrate 101, the lower electrode 115 which 
consists of an alloy of gold and germanium is formed in the field in which the resonator 120 is formed, 
and the field of an opposite hand. 

[0056] The current constriction layer 1 1 1 is formed in the pillar-shaped section 110, and as mentioned 
above, in the field containing the current constriction layer 111, the configuration of the periphery 140 
of the pillar-shaped section 110 contains a part of configuration of inner circimiference marginal 1 1 la of 
the current constriction layer 111, and the arc-shaped configuration section 140al,140a2,140a3,140a4 to 
approximate. 

[0057] The arc-shaped configuration section 140al,140a2,140a3,140a4 is formed in the <010> 
directions, the <001> directions, the <0-10> direction, and the <00-l> direction, respectively from the 
core of inner circumference marginal 1 1 la of the current constriction layer 111. Moreover, tiie arc- 
shaped configuration section 140al,140a2,140a3,140a4 is mostly formed in concentric circular with a 
part of configuration of inner circumference marginal 111a of the current constriction layer 111. 
Namely, the arc-shaped configuration section 140al,140a2,140a3,140a4 Inner circumference marginal 
1 1 la of the current constriction layer 111 From the core of inner circumference marginal 1 1 la of the 
current constriction layer 1 1 1 to the <01-1> direction The arc-shaped configuration section 
Illal,llla2,llla3,llla4 which divides into one fourth of inner circumference marginal 111a, 
respectively, and is obtained in the <01 1> directions, the <0-l 1> direction, and the <01-1> direction It is 
in the condition made to project in the <010> directions, the <001> directions, the <0-10> direction, and 
the <00-l> direction, respectively. 

[0058] Furthermore The distance 11 1 between the arc-shaped configuration section 1 1 lal and the arc- 
shaped configuration section 140al, The distance 112 between the arc-shaped configuration section 
1 1 la2 and the arc-shaped configuration section 140a2, the distance 113 between the arc-shaped 
configuration section 1 1 la3 and the arc- shaped configuration section 140a3, and the distance 114 
between the arc-shaped configuration section 1 1 la4 and the arc-shaped configuration section 140a4 
</SUB> are almost equal respectively. 

[0059] Moreover, in the field containing the current constriction layer 1 1 1, as mentioned above, as 
shown in drawing 3 , the configuration of the periphery 140 of the pillar-shaped section 110 consists of 
the arc-shaped configuration section 140al,140a2,140a3,140a4 and a segment 

140bl,140b2,140b3,140b4 which connects those which adjoin among these arc-shaped configuration 
sections. 

[0060] (Actuation of a device) General actuation of the surface emission-type laser 100 concerning the 
gestalt of this operation is shown below. 

[0061] If the electrical potential difference of the forward direction is impressed to the pin diode which 
consists of an up mirror 108, a barrier layer 105, and a lower mirror 103 with the up electrode 113 and 
the lower electrode 1 15, in a barrier layer 105, recombination with an electron and an electron hole will 
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take place, and luminescence by said recombination will arise. Then, in case the produced light goes 
back and forth between the up mirror 108 and the lower mirrors 103, induced emission happens, and 
luminous intensity is amplified. If the Mitsutoshi profit tums aroimd optical loss a top, laser oscillation 
will happen and outgoing radiation of the laser beam will be perpendicularly carried out fi-om the 
opening 116 of the up electrode 1 13 to the semi-conductor substrate 101. 

[0062] (An operation and effectiveness) Next, the operation and effectiveness in the surface emission- 
type laser 100 concerning the gestalt of this operation and its manufacture approach are explained. 
[0063] (1) this invention person thought out a header and this invention for the gmisotropy relevant to the 
crystal orientation of a semi-conductor substrate existing in the oxidation rate of the layer for current 
constriction stratification, as a result of repeating research wholeheartedly about oxidation of the layer 
for current constriction stratification at the time of forming a current constriction layer. Namely, 
according to the manufacture approach of the surface emission-type laser 100 concerning the gestalt of 
this operation It takes into consideration that the anisotropy relevant to the crystal orientation of the 
semi-conductor substrate 101 exists in the oxidation rate of the layer 107 for current constriction 
stratification. The pillar-shaped section 1 10 in which designed beforehand the configuration and 
magnitude of inner circumference marginal 1 1 1 a of the cxirrent constriction layer 111 which are formed 
at a next process, and the configuration and magnitude of inner circumference marginal 1 1 la of the 
current constriction layer 111 which were designed were made to reflect is formed. Thus, by oxidizing 
the layer 107 for current constriction stratification firom the side face of the obtained pillar-shaped 
section 110, the current constriction layer 1 1 1 in which inner circimiference marginal 1 1 la has a desired 
configuration and magnitude is obtained. In the production process of the surface emission-type laser 
concerning the gestalt of this operation, the surface emission-type laser 100 containing the current 
constriction layer 111 fi"om which inner circumference marginal 111a constitutes a perfect circle form is 
obtained. For this reason, according to this surface emission-type laser 100, the laser beam which has the 
shape of beam more near a perfect circle can be obtained efficiently. 

[0064] On the other hand, for example, it is formed on the semi-conductor substrate which has indices of 
crystal plane (100), and sets on common field luminescence laser (refer to drawing 10 ) with the circular 
flat-surface configuration of the pillar-shaped section 510. The configuration of inner circxmiference 
marginal 5 1 la of the current constriction layer 511 becomes a thing reflecting the configuration of the 
periphery 540 of the pillar-shaped section 510 as a result to which priority is given in the <010> 
directions mentioned above, the <001> directions, the <0-10> direction, and the direction of the <00-l> 
direction, and oxidation advances. That is, the configuration of inner circumference marginal 51 la of the 
current constriction layer 511 has the almost same curvature as the configuration of the periphery 540 of 
the pillar-shaped section 510. For this reason, the configuration of inner circumference marginal 51 la of 
the current constriction layer 51 1 does not become perfect circle-like, but as shown in drawing 1010 , it 
tums into a configuration near a rhombus. Thus, unless the configuration of inner circumference 
marginal 51 la of the current constriction layer 511 is a perfect circle-like, the laser beam of the 
configuration near a perfect circle cannot be obtained efficiently. Therefore, such field luminescence 
laser may not be suitable for using as the light source of the optical communication which used the 
optical fiber. 

[0065] (2) According to it being almost equal respectively, the distance fi"om the core of inner 
circumference marginal 1 1 la of the current constriction layer 1 1 1 to the arc-shaped configuration 
section 140al,140a2,140a3,140a4 Since the layer 107 for current constriction stratification oxidizes 
almost equally to the <010> directions, the <001> directions, the <0-10> direction, and the <00-l> 
direction, the configuration of inner circumference marginal 1 1 la of the current constriction layer 111 
can be brought more close to a perfect circle form. 

[0066] (3) In the field containing the current constriction layer 111, the configuration of the periphery 
140 of flie pillar-shaped section 110 except the arc-shaped configuration section 

140al,140a2,140a3,140a4 includes the segment 140bl,140b2,140b3,140b4 which connects those which 
adjoin among these arc-shaped configuration sections. In a surface emission-type laser 100, it is 
desirable to fomi the part excluding [ the configuration of the periphery 140 of the pillar-shaped section 
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1 10 ] the arc-shaped configuration section 140al,140a2,140a3,140a4 outside a segment 
140bl,140b2,140b3,140b4. According to this configuration, oxidation of the layer 107 for current 
constriction stratification can be controlled, and the current constriction layer 111 which has a desired 
configuration and magnitude can be obtained. 
[0067] (Gestalt of the 2nd operation) 

(Structure of a device) Drawing 8 is the sectional view showing typically the surface emission-type laser 
200 concerning the gestalt of operation of the 2nd of this invention. 

[0068] The surface emission-type laser 200 concerning the gestalt of the 2nd operation has the almost 
same configuration as the surface emission-type laser 100 concerning the gestalt of the 1st operation in 
the field containing the current constriction layer 211 except for the point that the configuration of the 
periphery 240 of the pillar-shaped section 210 except 240al,240a2,240a3,240aconfiguration section 4 
arc-shaped part is a curve-like, as shown in drawing 8 . 

[0069] A surface emission- type laser 200 has the pillar-shaped section 210 and the current constriction 
layer 211. The pillar-shaped section 210 and the current constriction layer 211 have the same fimction as 
the pillar-shaped section 110 and the current constriction layer 111 which are contained in the surface 
emission-type laser 100 concerning the gestalt of the 1st operation. 

[0070] Moreover, if its attention is paid to the configuration of the pillar- shaped section 210, the 
configuration of the periphery 240 of the pillar-shaped section 210 is a point containing the arc-shaped 
configuration section 240al,240a2,240a3,240a4, and is the same as the configuration of the periphery 
140 of the pillar-shaped section 110. Similarly The distance 121 between the arc-shaped configuration 
section 21 lal and the arc-shaped configuration section 240al, The distance 122 between the arc-shaped 
configuration section 21 la2 and the arc-shaped configuration section 240a2, the distance 123 between 
the arc-shaped configuration section 21 la3 and the arc-shaped configuration section 240a3, and the 
distance 124 between the arc-shaped configuration section 21 la4 and the arc-shaped configuration 
section 240a4 are almost equal respectively. 

[0071] The line which, on the other hand, connects those which adjoin among the arc-shaped 
configuration sections 240al,240a2,240a3,240a4 in the configuration of the periphery 240 of the pillar- 
shaped section 210 is constituted by the curve 240bl,240b2,240b3,240b4, and it differs fi-om the 
configuration of the periphery 140 of the pillar- shaped section 110 constituted by the straight line 
140bl,140b2,140b3,140b4 in the point that the whole configuration of a periphery 240 is a false circle 
configuration. 

[0072] (Manufacture process of a device) In case the manufacture approach of the surface emission-type 
laser 200 concerning the gestalt of the 2nd operation forms the pillar-shaped section 210, as shown in 
drawing 8 , it is the same as the manufacture approach of the surface emission-type laser 100 concerning 
the gestalt of the 1st operation almost in the field containing the current constriction layer 211 except 
forming the pillar- shaped section 210 so that the configuration of the periphery 240 of the pillar-shaped 
section 210 may become curve-like. Therefore, the explanation about a production process is omitted. 
[0073] (Actuation of a device, an operation, and effectiveness) The surface emission-type laser 200 
concerning the 2nd gestalt has the same actuation as the surface emission- type laser 100 concerning the 
gestalt of the 1st operation, an operation, and effectiveness. Therefore, the explanation is omitted. 
[0074] (Gestalt of the 3rd operation) 

(Structure of a device) Drawing 9 is the sectional view showing typically the surface emission-type laser 
300 conceming the gestalt of operation of the 3rd of this invention. 

[0075] The surface emission-type laser 300 conceming the gestalt of the 3rd operation has the almost 
same configuration as the surface emission-type laser 200 conceming the gestalt of the 2nd operation 
except for the point that the distortion adjunct 330 for making a barrier layer (not shown) generate 
distortion is formed in the pillar-shaped section 310. The configuration of the periphery 340 of the 
pillar-shaped section 310 is constituted like the pillar-shaped section 210 including the curve 
340bl,340b2,340b3,340b4 which coimects the arc-shaped configuration section 
340al,340a2,340a3,340a4 and said adjoining arc-shaped configuration sections. Furthermore The 
distance 131 between the arc-shaped configuration section 31 lal and the arc-shaped configuration 
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section 340al, The distance 132 between the arc-shaped configuration section 31 la2 and the arc-shaped 
configuration section 340a2, the distance 133 between the arc-shaped configuration section 31 la3 and 
the arc-shaped configuration section 340a3, and the distance 134 between the arc-shaped configuration 
section 31 la4 and the arc-shaped configuration section 340a4 are almost equal respectively. 
[0076] A surface emission-type laser 300 has the pillar-shaped section 310 and the current constriction 
layer 3 1 1 . The pillar-shaped section 3 1 0 and the current constriction layer 3 1 1 have the same fimction as 
the pillar-shaped section 210 and the current constriction layer 211 which are contained in the surface 
emission-type laser 200 concerning the gestalt of the 2nd operation. The pillar-shaped section 310 has 
the same configuration and structure as the pillar-shaped section 210 except for the distortion adjunct 
330. 

[0077] (Manufacture process of a device) As shown in drawing 9 , in case the manufacture approach of 
the surface emission-type laser 300 concerning the gestalt of the 3rd operation forms the pillar-shaped 
section 3 10, it is the same as the manufacture approach of the surface emission-type laser 200 
conceming the gestalt of the 2nd operation almost except forming the distortion adjunct 330 in the 
pillar-shaped section 310. Therefore, the explanation about a production process is omitted. 
[0078] (Actuation of a device, an operation, and effectiveness) Actuation of the surface emission-type 
laser 300 conceming the 3rd gestalt is the same as actuation of the surface emission-type laser 100,200 
conceming the gestalt of the 1st and the 2nd operation. Therefore, the explanation is omitted. 
[0079] Moreover, the operation and effectiveness of a surface emission-type laser 300 conceming the 
gestalt of the 3rd operation are the same as the operation and effectiveness of a surface emission-type 
laser 100,200 conceming the gestalt of the 1st and the 2nd operation ahnost, and have the effectiveness 
of fiirther the following. 

[0080] In the surface emission-type laser 300 conceming the gestalt of the 3rd operation, laser 
luminescence which polarized in the direction vertical to the direction where the distortion adjunct 330 
is beginning to be prolonged can be obtained by forming the distortion adjunct 330 in the pillar-shaped 
section 310. It is the thing of the <01-1> direction indicated to be the direction where the distortion 
adjunct 330 is beginning to be prolonged to drawing 9 here, and the <0-l 1> direction, and is the thing of 
the <01 1> directions indicated to be a direction vertical to the direction where the distortion adjimct 330 
is beginning to be prolonged to drawing 9 , and the <0-l-l> direction. 

[0081] In addition, the distortion adjunct 330 is formed among the peripheries of the pillar-shaped 
section 310 in addition to the arc-shaped part currently formed configuration section 
340al ,340a2,340a3,340a4. For this reason, polarization of a laser beam can be controlled, without 
affecting the configuration of the current constriction layer 311. 

[0082] In addition, even if it replaces p mold and n mold in each semi-conductor layer in the gestalt of 
the above-mentioned operation, it does not deviate from the meaning of this invention. Although the 
gestalt of the above-mentioned operation explained the thing of an aluminum-Ga-As system, it is also 
possible to use semiconductor materials, such as other ingredient systems, for example, an In-P system, 
an In-aluminum-As system, a Ga-In-As system, a Ga-In-N system, an aluminum-Ga-In-P system, a Ga- 
In-N- As system, an aluminum-Ga-In-As system, and a Ga-In-As-P system, according to oscillation 
wavelength. 

[0083] Moreover, the actuation approach of the surface emission-type laser in the gestalt of the above- 
mentioned operation is an example, and various modification is possible for it unless it deviates from the 
meaning of this invention. Moreover, although the gestalt of the above-mentioned operation shows the 
surface emission-type laser the number of the pillar-shaped sections is [ surface emission-type laser ] 
one, even if there are two or more pillar-shaped sections in a substrate side, the gestalt of this invention 
is not spoiled. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 4/28/2005 



JP,2001-284727,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 2 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by t:he use of tills translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing typically the important section of the flat surface which looked at the 
field luminescence mold semiconductor laser concerning the gestalt of operation of the 1st of this 
invention from the side which counters outgoing radiation opening of a laser beam. 
[Drawing 2] It is drawing showing typically the cross section which met the A-A line of field 
luminescence mold semiconductor laser shown in drawing 1 . 

[Drawing 3] It is drawing showing typically the cross section at the time of cutting the field 
luminescence mold semiconductor laser shown in drawing 1 in respect of a current constriction layer 
being included. 

[Drawing 4] It is the sectional view showdng typically the 1st process of the manufacture approach of the 
field luminescence mold semiconductor laser concerning the gestalt of operation of the 1st of this 
invention. 

[Drawing 5] It is the sectional view showing typically the 2nd process of the manufacture approach of 
the field liraiinescence mold semiconductor laser concerning the gestalt of operation of the 1st of this 
invention. 

[Drawing 6] It is the sectional view showing typically the 3rd process of the manufacture approach of 
the field luminescence mold semiconductor laser concerning the gestalt of operation of the 1st of this 
invention. 

[Drawing 7] It is drawing showing typically the cross section at the time of cutting the pillar-shaped 
section formed in the production process of the field luminescence mold semiconductor laser concerning 
the gestalt of operation of the 1st of this invention in the field containing the layer for current 
constriction stratification. 

[Drawdng 8] It is drawing showing typically the cross section at the time of cutting the field 
luminescence mold semiconductor laser concerning the gestalt of operation of the 2nd of this invention 
in respect of a current constriction layer being included. 

[Drawing 9] It is drawing showing typically the cross section at the time of cutting the field 
limiinescence mold semiconductor laser concerning the gestalt of operation of the 3rd of this invention 
in respect of a current constriction layer being included. 

[Drawing 10] It is drawing showing typically the cross section at the time of cutting the pillar-shaped 
section of general field luminescence mold semiconductor laser in respect of a current constriction layer 
being included. 
[Description of Notations] 

100,200,300 Field Ivuninescence mold semiconductor laser (siu-face emission-type laser) 

101 Semi-conductor Substrate 

102 Buffer Layer 

103 Lower Mirror 
104,104a Cladding layer 
105,105a Barrier layer 
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106,106a Cladding layer 

107,107a Layer for current constriction stratification 
107c Current valley layer 
108,108a Up mirror 
109,109a Contact layer 

110.210.310 Pillar-shaped section 

111. 2 11. 3 11 Current constriction layer 

llla,211a,311a Inner circumference edge of a current constriction layer 
1 1 lal,l 1 la2,l 1 la3,l 1 la4 The arc-shaped configuration section 
lllx,211x,311x Circle 

1 1 1x1,1 1 1x2,1 1 1x3,1 1 1x4 The arc-shaped configuration section 

112 Insulating Layer 

113 Up Electrode 

115 Lower Electrode 

116 Opening 
120 Resonator 

140,240,340 Periphery of the pillar-shaped section 
140al,140a2,140a3,140a4 The arc-shaped configuration section 
140hl,140b2,140b3,140b4 Segment 
150 Semi-conductor Deposit 

21 lal,21 la2,21 la3,21 la4 The arc-shaped configuration section 
240al,240a2,240a3,240a4 The arc-shaped configuration section 
311al,311a2,311a3,311a4 The arc-shaped configuration section 
330 Distortion Adjunct 

340al,340a2,340a3,340a4 The arc-shaped configuration section 
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(54) [stm(D^m mmtm¥f^u-^^i:rPe<o9m:^m 



(57) 

(10 0) Sr^ft-r^^l^^^Stgl 0 l±(c:*SI§ 
1 2 0;5Sff^fife$J^TV^^,, 2 Olltt^^tgSl I 0 

Sr-g^, tt^^SB 110 izta^mm^m 1 1 1 

TVS. «iiK31^^Sl 1 1 Sr-&tfffil::*5i^-C. ^4^1351 

1 o(Dmmi 4 o<DmminMm^mi i i<r)rtjii^i 

1 1 a <Dm^<0-nti&iSL-ri>^^(OM^& 1 4 0 a 1 
~ 1 4 0 a4.Sr^tf. rtbtjfiSSSSt^^g i i i ©rt^ 
igkl 1 1 aC?'t''6**?><0 1 0>:^(6], <0 0 1>*^ 

[Si. <o-io>;^i6j. < o o - i >^^\z-in-^^tiB 



113 




100 



^ la 2001 -284727 (P2001 -284727A) 



mm^ (10 0) ^*-f5¥^tt^««± 

b<o 1 o>:ff\^. <ooi>:^i6j, <o-io>*^ 
|p]. Jo J:t;5< 0 0-1 >*-|6]»w-?rti/-t'Jx.?l^fiK$n-Ci'> 

I— -r. 

«oK2fe^gcc>rt^^cD4''C,^*^b< 0 1-1 >::^(6], < o 
1 1 >:fri6j, < o - 1 1 >:*^rfii, *$ itf < o - 1 - 1 > 

io>::fyiSi. <ooi>;^[^, <o-io>;^rS), tii 
t/<oo-i>:^|6]--iSlt$-*fc*iliTfc5. ffi^^t 

[il*JS4l |f*^l~3 0^^-fi^*^^::*5^^T, 

[ii^^a?] ft*3Sl~6(D^^•ri^*Mc^J^^T. 
[li*Jl8] tg*:^l~7(D^^i*i^A^^ctJ^^T. 



(2) 

2 

[if 1 0 1 if 1 ~ 9 {diJt^T. 

Iit*3Sl 1] EilTOia (a) ~ (c) Sr^tfffi58 

(a) ffijg^ (100) ^^ri-5^^*t:S«©*ffi»^. 

( b ) miiSil^«{*:*gS^ yf-:yir\^xmi(r)^mw 

^'ti-< 0 1 0 >:^f^. <ooi>:frrSi, <o-io>:^ 
1^, *5<tt/< 0 .0- 1 >:fe-|*]{c, ^tf^HfctSIE^SSS^ 

(c) mmmmm^m^^^-ri>tzif>ff>mi:mm^hwt 

[t»*«12] t»*«l 1^C*5^^T. 
t&IEXS (b) ^C*J^^T. 

[bS*«i31 bS*«i i*fctti 2Ic*jv>t:. 

BulSXS (b) IC;fcl^T. 

^tf $ixfc«uia^Sg$^3ggcDrtJlii:tD4''6A-t < 0 1 - 
1 >:^f^. <o 1 1 >:^isi. <o-i 1 >:^iS]. fcitJf 

< o - 1 - 1 >:if(^\zm^mms)i^m<of>^mmi^m u 

-c#p>tv5?^4^*. ^•ti-€n< 0 10 >:*-f6], < 0 0 1 
>:^fS], <o-io>:&i6i, *5J;t/<oo-i >:S^ioi'^ 

40 [ff*:«i 4] tS*«i i~i 3(D^^•r^^^»^c*i^^T. 
BUIEXS (b) li*3V^T. 

IiS*:«l5l »*«l l~l 4Wt''-rtud»t-4b-i,> 
MiEXg (b) IdtJV^T. 

so ia5t:^«fe. 
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[it*3® 1 6 1 it*^ 11-15 <D\i^^M^\Zii\^ 

mrisxg (b) »c*iv^T. 

(000 1] 
[0 0 0 21 

[0 0 0 31 ffi^^S^^f^^^-1^•S:i«^*'^li-rS#S 

[0004] Sfc. S^3tS^#*U— 

[0 0 0 51 ^i/&>-et>. MxLfJ^t^T'f/^SrffiV^^ita 

[0 0 0 61 tfl^L^J;5tc:, mSltSIf^ 

[000 71 



[0008] 

[»SSr«IS^t- 5^ft©#S] (A) *|gPjwffi^3ta 

ffiffiifc (10 0) ^m-r^^mi^m^ ■ 
^mi. ms&mmm^m(OfHmm(0'^.bi)^h<o i o> 

< 0 0 1 >:^|B], < 0 - 1 0 >:*ioi. *5 J;t/< o 

0- 1 >*iS]»c-?-tu-=eix?^^$*tTV'»5o 

[0 0 0 91 ;*:®^cl,^5S^tllc (10 0) ^#-r5¥# 

flj«^tf±> mm^mmm (i oo) ^^-t-s^^^^s 
=tefc«tT-^i < . ( 1 o 0 ) BDtv«- vxm^^m (5° n 

20 [0 0 1 0] ;*:ffi{c:v>5<o 1 0>*r6], <oo 
1 >:*-|6i. < 0 - 1 0 >;^i6], *3 J;U5< o o - i >:*-[S) 

ttt. mmm. (loo) 

[0 0 1 1 1 d-A-SS^^tS^^^f— !ft-<J:H«. J: 
[00121 fl1llE®li3feM#«ft^l— 1f©»^ UV^ti« 

30 [0013] ( 1 ) w}mmMm^m(Df^mmi<Dm^<o~ 
utwmm^<om^utiim\^wi-t^pim:^M^itix\>^ 

[0014] ( 2 ) niim^i^(DMVtmi. tufsmssst^ 

S<^l^iai&Sr. miiB«SKS*^^cO(^Jli^(D4''6A»6><0 

1- 1 >:friRi. < 0 1 1 >:*ifi]. < 0 - 1 1 >:^|pi, 
J:t5< 0- 1-1 >*-|*]lc-?:ix-?'tt55-t'J tT#f>tv5J^ 
4^Sr. -5:H-t*lx< 0 1 0 >*-|6i, < 0 O 1 >::^|rI. <0 
-10>*|Si. *5j;tJ5<0 O-l >*[Rl'^tlS#t$*;fe: 

40 [0 0 1 5 1 3^S^c^^5 < 0 1 - 1 >::^i6i, < 0 1 1 > 
:fr[p|, <o-i 1 >:^|S], 4aj:u5<o-i-i>:^i»ji 

fi. asjgic (10 0) ^m^^>^mt^&mKi3^f^>w& 

[00 16] «^xfibfc^*Sr#5r 
[0017] ( 3 ) MIE^SSS^sg® ©rtJ^&<Of P> 

[0 0 1 8 1 (4) tamm^coM^^i:. Butamss^^ 
50 m(^\hmm^iy4\z^mLitjf^mz-ri>:iki^x^ 
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5, 

(0019] ( 5 ) mW^Wm^m Sr^OffiJ-*3l/ ^T. 

[00 20] ( 6 ) mmmmm^m ^^tfmizi5\,^x. 
[002 11 (7) t^nES^^ES^9&^^r-g•tfffi^c^5v^T. 

[0022] (8) «friESttSJcM;?^<^|g^^-&5feft 

[0 0 2 3 1 r<D«^(cJ:ix«. milB5^f+An^;5S^ 

[0024] ( 9 ) mn.mi^m<of>^mm^MPim\^ 

[00 2 5] (B) :^^m\^7i^*^^m^ytm^m^w-^- 
■^(Dmm:fJm^±. katoxs (a) ~ (c) sr-^tf. 

[0 0 2 61 (a) ffi}t» (1 0 0) SrWi-Sij^^flES 

T. m.m,m^m(op^mn(omv^^m'&<^Mmznf^L,x 
n-etK 0 10 >:fj^. < 0 0 1 >*^iBi. < o - 1 0 > 

*sj:t; (c) MfBS«fEiR3^SSrJ^^-r5fc«>©SSr 
[0 0 2 71 *»*»5l8jt*Slc:J:ixff. fl Cii>JcS«t3fe 

^Hfz.mmm^m<op^mB(DMm^m-^\'^x. 't<Dmm. 

5, «M»^«©rt^i^Srn?^Jc?l5j*i-5Ci:(c 



5 

(00281 B&fEffifg3t^^««£V^— H'WSit**'^^ 
^UV^«i^<!:LXrt. (1) ~ (5) ^m^x^^o 

[0 0 2 9] (1) striBia (b) fc*5v^T. 

[0 0 3 0] (2) mifaim (b) <rt5V>T. KtfSix 

fcHtrf5mM$^^«^DrtJli^©^''L^;^|>t < 0 1 - 1 
10 <o 1 1 >:i^i6]. <o-i 1 >:*i6is *sJ:t/<o- 

1 - 1 >:fj\pn:imnmm9i^S(o\Hmm^^^ L-c#e> 

^in't'fK 0 10 >:;^ifi]. < o o i 
<0-10>:^|6], ioXXf<0 0-l>^f^'~-i:^ 
kt^-^X. mfSM^(DmVtni:m^i-i^i:i)^X^^. 
[00 3 11 (3) HulEie (b) ^C*5^^T, Kltf^Jx 

•^X<omMi^mi^\^< i 5 Zki^X^ 

[0032] (4) ttrSEXS (b) ^C*^^^T, S&IE3ia*i 

<D 1 /4 {cj^fig-rs r t /55-e# 5o 

[0 0 3 3] (5) HUlBXS (b) tC*5V>T. ^ff^tt 

itm^imMmmm^-^tfrnizti^^x. mim^<omiftu 

(00341 

30 [0035] (^1 <D3?J£<^Ji^^) 

rffi^^U— fj tV^p) <?3i!i3t*feJ-ot,>T. 04- 
7SrfflV^Tlft?g-t-5o ®4~6»iv ;*:|IJS<7??^«Hc:A»*» 
5BD«3tu— !f 1 0 0©»!jtxmSr«^S?lJc:^-f-»fSia 
T-fc5„ ia7»i, HSl'^-t-aa^^tu— !f 1 0 0CDS!5t 
X@JC*3V^TJI^^$ixfctt^asi 10 Sr. mSK^^^fl^. 
J^ffl® 10 7a Sr^tfffitc*il^T«a»f Cftili^roWfffiSr 

40 [0 0 3 6] :^m^<DJBmiiZt^A>^^^^ u— tf 100 
<Oiait^fe<4> ±{:i£ATtOXa (a) ~ (c) 
5. XS (a) »i. ffiJtlS: (10 0) 
« 1 0 1 <DSffi»-, mSSJ^^^ff^JSKfflS 10 7a ^^ts 

i^^^i^mmmi sosr^s-r^xm-cfcs, xa (b) 

f*. |tFl2^««clta^ 15 0 Sraij/f^v^' LTft4^tS6 1 
1 0Sr?^j^i-5X®-C*}5. *»*»5XStc:J;oT. mSfi 
$^5^^?f^^fflS 10 7a Sr-^tfffil-fc'V^T, ^©XStC 
*Jl/^TJ^^-r-5m»it$^^S 1 1 lOrtiSi^l 1 1 a«?i^ 
^^i*B'r;^o?F^^ (0 7 ic^i-R 1 1 1 x) {:i^ti-UT*J 

so nn^titLmmm^m 1 1 kdf^^^w^'.m-P)-?: 
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fl-^i\< 0 10 >*^(6]. < 0 0 1 >:fe^ffi], < 0 - 1 0 > 

*jj;O5<0 0-1 >:^|oHc. Wt^^intz.^m'^^ 

mil i<Difimm<om^<o-nti&&.-tim^<om^u 

140ai. 140a2. 140 33, 1 4 0 a 4&-?r<OJl 
i^l 4 Otc-^tftt^^gBl 1 0?r?i^^-t-5„ IS (c) 

mmm^ism^mm 10 7p^h\ wtn^titcm 

3t©?g2K (Rl 1 1 x) tmtm^(OJf^i^t:^iri,mm 
1 1 1 Sr?F^J5fe-r5lST-fo5„ 
[00 37] ijt±©xa»c J: *) El 1 tc^i-ffi^jt r 

1 0 0*S#t>tb5<, 

10 0 3 8] ^-r. IS (a) ^'0^,^TIftBJ-r5, 
[0039] (a) nSGaAs*^f>^i«?, ffiJBIgC (1 

0 0) ^m-ri^^i^&^i 0 i(omm\z. m^^^m 

i::*$ix5¥^i*:l«a^l 5 O-SrJK^-rs, rciT, ^ 
1 5 0 (i. nmGaAst)^bfj:^y<-yyr 
Si 0 2, nMAlo.9Gao.lAsSi:nSAlo.2G 
ao.8AsJgtS:352»Ci»JiUfcTSB5 7-l O 3. n 
mA lo.5Gao.5As*^bife5n®i5'7S/ KS 1 0 4 
a , G a A s T^J^-zV-S t A 1 o. 3^ a o. 7A s li TS*^ 
6) ^£ t) X ^z^S AS 3 S -e«^ * 5 #M#F«3t<^e 
■ttSlOSa. Alo.5Gao.5As*>e>Jte5p§[j^7y 
KS 1 0 6 a , pMA 1 A s A^bJiC^mSftS^^g 10 7 
a, pMA I 0. 9G ao. lA s Si: pMA I 0. 2G ao. 8A 
sSi:Sr3gS{caSLfc±S557-l 0 8 a, JSiU^p 
SlGaAsd^Pj/^SaV^?^ hSl 0 9 a$•^H^, wtb 
6>®S^^>StCi{5^^flrS«l 0 l±fr±iS$-lirT#^f*:lt 
mm i 5.0 Sr^J^rf-So^^^v 1 O 1 O^S 

irfi, ¥^^^SSl 0 l^c:^5V^-c, ^<^IST'*S:§I 1 

2 0 Sr^^^-f-SfiiOffiSTf 5o 

[0 0 4 0] ^56-t-5iS{c:*3VNTtt4>t^35i 1 

o^'t-mss^^s 111 ^m^ir^tc)^\^. m^30n 

m<^pSA 1 A s *>6'fe-5mSES^^SJ^^KffiS 1 0 7 a 
Sr. ±aB5v-108a »c?^j^-r5. JJcfc, TESKW?^ 

mi 1 li:^m■ti&mnz.(r)mm^m^^n?>t>^■f-c 

1 0 8 a©flg^<Dj^l//2©fiija*-Cwr^J::^S$iT.5 

[004 1] 3if <5'd^v/•r>'^fife*Sr^T5^W^£^fi. ^i^^ 
##:S«10 1«>a^. i55V^»±Ji^^-|-5^^«^i««S 
1 5 0<Das^ff$^c:J;oTiigS:g^3^^i^5*^ -JIS 

6 0 0 — 8 0 OX:-^fc5.WA5jf^ ^fc. :3cb° 

UTf*. #6S^JR^<e^:S (MOVPE : Me t a 1 - 
Organic Vapor Phase Epita 
X y) fe^. MB Eft (Mo 1 e c u 1 a r Beam 
E p i t a X y) feSt^ttLPEjfe (L i q u i 
d Ph a s e Ep i t a X y) SrfflV^Sr tAST?^ 



[0 0 4 2] jKi/^t:. IS (b) ^co^^Tt^il8■t-5o 

[00431 (b) )^V^T, hSl 0 9 a± 

iz. 7d-KWv';^h (El^L^iV^) Sr^^tfc^^;*- h 

T K^'f^s/'^i^^'feJ-J;*?. *SSi 2 0(^5*>SII 
^w-if 1 OOcoi^—^^m^mi^hnmi'y-y KSl 
10 04 a»c:*MtXcogP:$)-. i-ifc^p-^^i^t^J? KSl 0 9 

a . ±^^7— 10 8a. mM^^mM^mm lo? 

a . pm^yyVmiOBa. g-ftS 10 5a, it/ 
nSi>7S/ KSl 0 4 aSr:3i.yf=->^^tT. ia5tc^$ 
n-5tt*tgPl 1 OSrJ^^-r?), w^-C. tt4>tgSl 1 Ot 
tt. *lgSl 2 0©-S|5-C*)oT. tt^^i<DiJta|Lflc*j|fl|«: 

)xmm^(omMMm^^-y^>^^thX. zii^^i^h 
Si 0 9. ±ifB5 7-io8. 9MM.^mw^^mm 10 

7. pS!^7s/ KSl 0 6. fiS-ttSl 0 5. *sJ:U?nS! 
20 ^'7S' KSl O 4A5f^^$jx5. ^^iis. Z.<DTM\Zt6\,^ 

T. :ts/^>-^^tvSSfi::ti-t.{cpg3g$tv-r. g^jt 

[0 0 4 41 rcit?. :i^'y^^^'!rKx^m^-rimm 

1 1 0<o?|^«^c:o^,^T. «TlcS^b<5E-<5» 

[0 0 4 5] ffijsm (1 0 0) ^m^^^m-wmw-^m 
v^Tffi^^tu'— rs^?gJ5S;-r5.ISl;l*5v^-c. nmM^m 

30 fiKfflS^Sf-fbJtSJi. < 0 1 0 >:^r6i. < 0 0 1 
joi. < 0 ^ i 0 >:*r|p] - ■tiiT/< 00-1 >:&[fiiiisS'b 

5, 

[00461 **igi-i3v^Tf4. fltrJ^ufcrt^. f 'fc*^ 
*>..miiS$fe^S?^fiK«Si 0 7«^ibig«{c^^fi£a« 
1 0 1 <DMMhmm:ir^^:fjm^^^-r^ r t Srm 

•^tl. j9fsi-2>mgtt^^si 1 ic^rt^igti 1 1 a (m 

3#I1) <Dj^4^f*sit;«:fc:#$*s. ffli^ 1 4 0 
ifeSturcttJbtSB 110 Srifi^fiKi-^o 

40 [0 0 4 7] A<^^{c(4. ^-f. m7\z7f^-ti.b\z. m 

«SS^5^S?^^fflSl 0 7S^-^t^ffi{^*5V^-C. -tOf^^gfc 

dsrtSri(DRi 1 1 X {vmm ^m^-r^mMm^ 

S 1 1 1 w i: SrS^i-So i-^it>*>. 

lcmS!t^5^Sl 1 10i^Jli»<^ff$*tSrK;ffL-C^*5<o 

v^T. ^tf-$ttfcm^$^^s 1 1 i<D^mm<r>^'t-i)^h 

< 0 1 - 1 >*i6i. < o 1 1 >:*-|R], < 0 - 1 1 
I*]. Jo J;t/< 0-1-1 >:fr[6]tc, n 1 1 1 X Sr$)-*iJ b 
T^f ^>i^5311^>tO?^^gBl 11x1. 111x2. Ill 
X3. 1 1 1 x4Sr. -^^^^^'^^< 0 1 0 >*-r6i, <o 0 1 
so >:^|S), < 0-1 o>*^(pi. *jJ;t/< 0 0-1 >*-|6]'^ 
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ta#t$-fr-C#fen5!!Il^(OJi^4^gei 4 0 ai. 140 
a 2. 140a3, 1 4 0 a 4^:. ^:(OJl& 1 4 0 
tc-^tftt!|*iiBJ 1 1 OSrJ^^f 5, r**?*., ^^<r>mik 

g8140ai, 140a 2. 140a 3, 140a4H-t*t 

^tb. m^<^?i^«gpi 11x1, 1 1 1 X2. Ill 

X3. Ill x4i:f5t^(^t:*:#$*Ji^^?i^^'Cfe9x *^ 

{0 0 4 81 IIHft<0?^*tgPl 1 1 XI, 111x2. 11 

1x3, 111 X4fi, w\m.ir^nm^^m 1 1 1 (onm 

^»CJ;»)«^$ix5P3l 1 1 ii^lX4ic^mLXn^ 
H5?^^^iSrWi-5o UfedSoT. 30W^<D?|?:|^g5 1 4 0a 

I, 140a2. 140 33, 1 4 0 a 4t>IIIfil»-> R 1 1 
1 x5rl/4JC^*iJbT#e5tv5?1^4^SrW-t-5o 

m<oB^Ul 4 0 aii: 1 1 1 xii:»P^(OgEill 

II, 1-4 0 a2t 1 1 1 x2i:®F5«)Kif 1 I2» 140 a 
3t 1 1 1 x3i:CC>ra<?5^fg 1 13. 140a4i:lllx4 

t<Dm<omm i i4*sti»^^b< Jisfeftt-x M^ikm^'^ 

gS140ai, 1403 2. 140a 3. 1 4 0 a 4*SJi^J5g 

[0049] m»ft»^®?F^^ffl« 1 0 7 5r-^tfffi 

^ct^v^T,' HI 7 (r^-f i 5 (c:, e4^§l5 1 i 0 <Dmm i 4 

0 (OBmi. m<Ol^^U 140a 1, 140a 2. 14 
Oa3. 1 40 a4SrlS?<gS^>*^ :iinh<om<OJ^^U 
<0 5*>PS-t-5t><0|^±Sr^^M^5-l 4 0 bi. 140 
b2. 140b3. 1 4 0 b4T-flffig;$H5o *^5S<^ff$ 
lilc:*JV>Tl4. tt^^tSiJl 1 ocomm.1 4 0«f^4^t;as, 
5>140bi, 140b2. 140b3. 1 4 0 b4Sr^tf 
#^Sr^L-fc*5, ft^asi 1 OCD^^l 4 0(Om^ltZ 
^.tU/j£.V V. . tctz. . !JIl*!twjl^.*^^ 1 4. 0 a, 1 . . 
14032. 14033, 1 4 O a4Sr^<gP^)^;45, 
140bi. 140b2. 140b3, 1 4 0 b 4*»e>^1'ffi8 

J; 5 tt^^as 110 <omi^ 140 (om^i: 

[0 0 5 0J u±i^xo. mTiz^^-rxoK. mm.m^ 
sji^^^m 10 7 sr-^tfffii-*jv^-c. ^<ommi 140® 

Jl^4^>65, 3!ll*iO?]^^^tgB 1 4 0 a 1, 140 32. 140 3 
3, 1 4 0 a4. *3<tTJ««l5)-l 4 0 bi, 1 4 0 b2. 14 
0b3. 1 4 0 b4A»e)«j5K$n5S^^«Bl 1 OSrJi^figi- 

10 0 5 ll i^V^T. X@ (c) fCOV>T^0J-f-5„ 
10 0 5 21 pMA 1 A s^^^b^^iSmSfE^^SJI^^ffl 

e 1 0 7 5r, 4 0 o'cn^<07i(.m%wm%T\^ $ fe-fo 

«M^3^gl 1 1 1 1 IT'H* 

ixtcm^mmmm i o 7 c (sgss^^g?^j5gfflM 1070 



1 1 It^n^ti^o ■1rti:i::>%. ^mm^Ml 1 1 Sr-^tf 
S{c:*3l,>T. I^Sri©R^«^-r5(^Jl^l 1 1 a?: 
^ir^mMM^mi 1 ld3#feixS„ 0 3tc;^1-rtjl^ 

1 1 1 art, ^H-$ttfcn 1 1 1 X (ia7#fiS) irJSt? 

StvS, tJl±<^xSJ;:J:i?, i|s-a|{^£S« i o l ±tc*S 
|gl 2 0;4S?lgj5K$tv5o 
10 [0 0 5 31 ^(/''t?, v'^ VSrmJPFt bfcCVDfe 
f:iJ:t), mm \ 1 0<DfiSffi©-SB*JJ:VTSiJ5 7-l 
0 3(^±BJ-. v'UaV^'fb^ (S iOxJK) t^hfH 

timmi 1 2Srff^fig-r^o ^fe^sroaffltii^y ^v^^t 

^lwK;S$tu5t>cD-C«/j:<, mti^D='>m (S iN 
J;t\ i^V^T. ^ii:® 1 1 2toXX/^^Ul 1 OWffillffi 

S^fflV^T^^ffH-g■^SSr^■«^5'-=^^^LT±g^5m®l 1 3 
iJfmi^. ^'^ff^S^ 1 0 l(^«ffi 

Si 0 1 ^c4o^^■c*««l 2 o^m^-f- zmtRMm<D 
d^5>/<c6Ta5m@i 1 5^j^^-r^o ±iExm 

i # ^>^^fc:«5t{^^Sr 3 5 0 'CX'Mm^&m. ±gi5m 
ail 1 3t^M^l 2 O tT^m 1 5t^:t—^i/ 

tB^3tV-1f-i .o.ods.»6.ii.5o ... ~ - 

30 [0 0 5 41 (f-'U :^<r>mm) mi&i.timm-^o±:^ 
^-J:!3#e>^^fcffi«^u— !f 1 0 0 sria 1 ~ia a ic:^ 
■To mm. ^mM(Dmmici}^i)^^m^yt\' — ifioo 

Jtu-tJ'l 0 oSr, 0io?A-Ai»fc:?So-C«)»fLfc»f 

ffiia-^fe^o UlSrt, Ell (;i^n:^n5ffi^)fei^— if 1 0 
OSr, «»fE*5^ei 1 1 ?Sr-&tfE-e^»fLfc^tw*3»t 

[0 0 5 51 ffi^^ti^— y'l 0 o»c*3VNTrt. mm^ 

40 (1 0 0) Sr^^i-^^^^Stgl 0 I±(ctt4^gl51 1 0 

&^tf*«|gl 2 0^5Ji^^$i^Xl/^5. *S«gl 2 Ott 

Ta55 7— 1 0 3. SttMl 0 5, i3j:tJ«±SEP5 7— 1 

0 8;6Sffi®$tbT0^$ttTV>-5„ ft^^SB 1 10(^±E 

$ixTi.>-5„ ^»^SSl 0 l^cioV^T. 

1 2 oi)m^^tix\>^?>mtRMm<Dm\a-i. ^h^/^ 

A i:©-^4fe*»?,j5J«TlEfl®ffil 1 5dS?^^$ixT 

[00 561 a^^clfB 110 V:.\i%,m^^m 111 d^f^fiS; 
so snrfc *) , H^iE J; 5 ic, SSfESfes&g 1 1 1 Sr-^tf 
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m^Mi 1 lortJli^i 1 1 a^mVi<r>—MtiS:U-ti 

W<OmVtni 4 0 HI, 1 4082. 1 40a3. 14 
0 a4Sr-&tfo 

[0 0 5 71 3fll4^©J^4^J§Bl 4 0 a 1, 1 4 0 a 2. 14 

0 a 3, 1 4 0 a 4fi, WM^^M 111 (Off^m^ 111 
a<D't'^,^*»b<0 1 0>*|fil, <0 0 1>:*r|fiJ. <0- 

1 0 >*[6]. *5 J;u^< 0 0-1 >:fjmc-tti^tiM^^ 

H5o ^fc. !!I1^^CDJ^4^^1 4 0 a 1, 14032. 14 

0 a 3, 14 0 a4(i, SSS^^^g 111 (Dp^M^ 111 

t>*>, 50i:yi<D?ig4^tg|5 1 4 0 a 1. 140a 2. 140 
as. 14 0a 4(i, 111 <^rtJli^ 111a 

STs HfiS^^Sl 1 KO^mWil 1 1 a<O4^.L-*»t><0 
1-1 >*|6], < 0 1 1 >:fr|6l, < O - 1 1 >*^l6l, *3 

J;t5< 0 1 - 1 >:^ifi]lc^n^nrtJl# 1 1 1 a <0 1 / 

4\z.j^m\^xnht^^^^<Dm^ui 1 1 ai. 1 1 1 

a 2. 1 1 1 83. 1 1 1 84^1:, ^iX'e*T/<0 1 0>:*- 

<ooi>:^fRi, <o-io>*[Sj. *»j;tJf<oo 

[0 0 5 8] ^^{il. m(DWy'l^Ul 1 1 ait3ai4^(0 
1 4.0 8 it<om<D^n. 1 11. 5Il:bt©?^^S6 1 1 

1 8 2 1 ^^(Omij^U 1 4 0 8 2 t<r>^<OWm 1 12. 314* 

(Dj^ikUi 1 1 Hzhm^m^^m AO siz}i(om<Dm 
m\\z. f-£hmz.mii^iDmv^m 1 1 HAbm,^(Dm^ 

SB 1 4 0 a 4i: <Dm<Dm^ 1 ufl^ix^'tvfSJJ^ LV^ 
[0 0 5 9] MxEUfci^lC. teSK^s^JBl 1 1 

Sr-^tpffilc:*JVNT. m3\Z7T^-rXb\'. W^Ul 1 00 
^iii 14 0 (DM^yi.. Jlltfe(^?^*tlflJ;l 4.0,8 1. . ...1 4 0. 
82. 1 40 83. 1 40 84^:. Z.)nb<OWik<r>m'^n 
<0 5*>P«i-5fe<ora±?Sri^:Sti^4>l 4 0 bi, 140 
b2, 14 0b3, 1 4 0 b4t*»fj«^$ixTV>5o 

[0060] (x^^'i' *llife<o?i^®tcd^;i^2, 
BI6^^— ri 0 0<D-«;6<)/iibf^SrEJlTfc^i-, 

[0 0 6 1] ±855 7-10 8. S14M1 0 5. fciU^ 
T§i55 7-1 0 3-efl|J5fe$n5p i ni/'1'>i--Kt::. ± 
gPHeil 1 3 tTSemffil 1 5 i:T?)W*-|^)©m]ES:TOP 
i-St. Sliei 0 5{C*5V>T. m^ijETLtWS*^-^ 

fc^^sJiSfi5 5 7-l 0 8i:TlfB5 9— 1 0 3 ^;0|i.1Sra 

ia5®^i 1 swMPSBi 1 6t-h^^mi^mmioiKM 

vxmw.:t\^i^ l^*3t>4sttlt^$^^5.■ 
[0 0 6 2 1 <9:l-. *lllgojgfl|lc: 
ffi^)t^—!^' 1 0 oi=xxjp^<o^m:^m^isn?> 

[ 0 0 6 3 J ( 1 ) *^p^#(4. m.mm^m^m^i-^ 



12 

A^Sffi^Jti'— !f 1 0 0<DS85g*S*tcJ:*vtf. m«t$)55g 

^ji^^ffle 1 0 7 cD®f<t5$«(cifi^^a« 1 0 1 <^ifea 
i^xn^-t^%mw^m\ i i^^ji^i 1 1 8<^)?^4^ 

^1 1 K^rtJl^i 1 1 8(^?i54^t*Jj;U!:*:#$^S8ft$ 
-frfctt^^tgp 1 1 0 <&JF$^£-r5o :L<r>i.o\zv.xnhM:. 
10 tt^^tlfP 110 <D«lffi*»e>«gK^^SJi^fifi;fflS 1 0 7 Sr^ 

{^'t^z.h\zi.^ ^ ^mw\ 1 1 Htwm.(n>im.iiiin 

$^W-r5mM»3gMl 1 lds^#?>ix5, 

»l 1 1 a*sXP3Ji^S:«^i-5«gft$fe^Sl 1 l^-^tf 
518316^— !f 1 0 0;^#e>ii5. r<7?fcfe. d^A^SffilS 
!f 1 0 otciixji. J;t>*P3l'ifiv^tr-A?^4^$r 

[0 0 6 4] «»J;ttf. ffimigc (10 0) Sr 

ioV^Tfi. ±xEUfc<o 1 o>:^(6], <ooi>*-|6]. 
< 0 - 1 0 >:^ifii. *3 J;t;5< o o - i >:^i6i:^iS](cff3fe 

Jli^5 1 1 aOJ^4^tf±. tt4^^5 1 0<r>mm.Z 40(Dm 
<0rtJli^5 1 1 a(OJi04>tJ±, atltSCS 1 OOJl^S 4 0 
5 1 lOrtJl^S 1 1 a<DJF^4^t4XR^i:fi''i?5-r. HI 
30 mSES^^S 5 11 ©rtJligt5 1 1 a (DJi^^Ji^SXn^^ 

[0 0 6 5] (2) ^2iS3l^^€l 1 KDI^^Ii^I 1 1 a 

(D'^'L^t>h%.Vi(r>T^iJ^Ul 4 0 B^i, 1 4 0 82, 1 40 
8 3. 1 4 0 8 4* T♦<c»ffig^;6S^:^^^:*i^^^l^^ Lv^c i: tc: 
J: 9 . I07*s<0l0 >*r&i. < 

ooi>:^ifii. <o-io>:^[Rj. *jj;o«<oo-i> 

[00 6 6] ( 3 ) nMM^m 111 Sr-^trBtcfcv^ 

-C. !fll4^cDJF^4^g|5 140a 1, 140a 2, 140a 3. 
1 4 0 84Sr^<tt4^gei 1 oro^iKti 4 0®?i?4fe^^ 

:5>14 0bi. 140b2. 1 4 0 bs, 1 4 0 b4§r-& 
tfc ffi^3t^'—^^'l 0 0Jc:*3V-Cfi. tt^^tSBl 1 0<Dm 
^14 0 <^J^4ltd5. aH^Ofl^^gB 1408 1. 140 
so 8 2. 1 40 83. 1 4 O a4SrgS5<§C5J'*S. i^^l 4 0 
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bi. 140b2. 140b3. 1 4 0 b 4.}; •? ^1-{ffl»C?f^jig 

^mi^^mm i o 7<Dsi<kSrfei«*-r5wi:*ST?#, Bfs 

[0 0 6 71 (.%2<DmM(r>mim 

{^^U:^<omm) EISH. 3|5:^l?^<o||2©||JS<DJ^«8 

1 0 0 6 8 1 H 2 u— !f 2 
0 0 Ji. m 8 tcS^i- J; 5 mm^fS 2 11 Sr-^tfffi 
^C*^^,^T, a*^©J^^$|J2 4 0 ai. 2 40a2. 240 

a 3. 2 4 0 a4gB5>Srl^<tt4ftgl52 1 0(^;iiit2 4 00 

5®^)t^— If 1 0 0 t {ili|^«6©«^S::t-t'5o 
[0 0 6 9] ffi^it U—1f 2 0 0 li. tt^^g? 2 1 O *5 J: 

t;5mSE^^S2 1 1 tti*tgP2 1 o^xrj^mm. 

Hf 1 0 0 jc-&*H5a^SB 1 1 oaxv^^m^i^m 1 1 

[0 0 7 0] *fc. i&'^m2 1 0(D?g4^tfC*i-t-5 

ttjyt^fP 210 (omu 2 4 0 <D?f^4^td5aii4>t©?^4fcgi5 240 

ai, 240a 2, 240a 3, 2 4 O a 4Sr-^tf ^"C, 
JtKUl 1 OODJl^l 4 OWJF^^ftirlH^T-fc^o IHflUc, 
m^OJi^^^gB 2 1 1 aitm^<om'^U2 4 0 aitcor^'i 
<D^m I 21- ail4^®?^*tgB2 1 1 &2t^^<OM^U2 
4 0a2t<OW©EEl!|l22^ 3114^®?^^!^$ 2 1 1 astffl 
4^<OJi04^tg|5 2 4 0 a ©Ps^Wgg^ 1 23. ^£ ^^^m 
cO][m^ 2.1 1 a 4tSm(DM^2.A 0.A4t<om<O^ 
m 1 24«^^^^*i^«^^^^l-<'^o 

[0 0 7 1] —:^:-^^U2 1 o(omm2 4 o<Dmmc 

iS\,^Xn. ^^(DM'ik^2 4 0 ai, 240a 2, 240 
as, 2 4 0 a4CD5*>P^i-5t>cOlRl±Srj^^*S;d5fti8g 
240bi, 24 0b2. 2 4 0 bs. 2 4 0 b4lC J; 

^^^tvTti?). m2 4 o©?^*t^**s«flaR?i^;yi-e*) 

il^il 4 0 bi, 14 0b2. 140 
b3. 1 40b4\zXVm^^inX\'^i>&^Ul 1 0<om 
»1 4 0rofl^4^ti:||/£5o 
[00 721 (f'/W;^0»[jt7'ci-fe;5^) |g2 0|IJScD 

ffi^^ iz-f' 2 0 0 (Dmm:ijmn. 

2 1 0Sr?l^^^5lg»c, mm'S)i^m2 l l Sr-^tp®tc*5 
v^T. ia8lc:^-f-J; tt*tS?2 1 00^1^2 4 0© 
Ji^4^i*s*i»4*ti: J; 5 tctt:ytgi5 2 1 0 STJl^^-fSJeA^ 
fi. H 1 c7)|lifew?^flg(c*^d^5 ffi^3t f-f-' 1 0 0 w«{ 

[0 0 7 3] (7'/<-r^<©iijf^. i^miixxft^m m2 
(r>m^\z.t^t^^'^'?k%^—^2 0Q)\-i^ mi<r>mmcom 



/4 

So 

[0 0 7 4] (m3<omi&(omm) 

[0 0 7 51 m3<omm(ommicf)^f>^^m?t^i^—f3 
m^mnus z Q)t^mkU3 i oicji^j^sHTi-^s-^sr 

112 ®^JS<^ff^®»C*^*^.5ffi^^ 1^-1^2 0 0 t 
10 Ji»JISlfil©«fig;SrW-t-5o fe^tSS 3 10 ® jli^ 3 4 0 <?? 
?^4^f4. Wm2 1 0 tiRieJtJ:. a4ft©?^JRS35 3 4 0a 
1. 340 a2, 3 4 0 a3> 3 4 0 a4i. 
-5HfJiE!!Il4^©ffma5l^±Sr^^ft^3 4 0 bi, 3 40 
b2. 3 40b3, 3 4 O b4t Sr^;^f^^$i^TV^:5, 
ail4^<Z5?g:|*«53 1 1 aii:ai4^t©J^4^tl353 4 O 
aiirO^lWggftl 31. m,^o:>Wi^U3 1 1 a2i:lli4^<^ 

3 4 0 a 2i: <^l^1©Ef?t 1 32^ 5!M^<^ff^^la5 3 1 
1 a3i:3i4^0ff^4^a53 4 0 a3t<^P^<??EE«ll33. ^i: b 
WcaiWftWJl^^^gSa 1 1 a4i:ail:t^©J^tftS5 3 4 0 a4t 

20 (OfSi<n>Wn. 1 34f4^tt^^l'l5<^^ LI' V 

[ 0 O 7 6 ] ®^3t if 3 0 O ^it»t^fB 3 1 0 *3 J; 

xs-mmMi^mz 1 1 sr^fir-rs, tt4^tsi5 3 i o*3j;u?msK 

^9&g3 1 in. %2<n>%1i&<r>nmci)^t^^m^%\y- 
•^2 0 ojc-^^n5ttfiia5 2 1 o*j<tt;5ggK^3gM2 1 
1 hmmoimm^mir^o ^^nz i o«. s^^^f+jn^ 

[00 7 71 (x/W;^<^SS[Jt^ni-fe^) ^3<0^1i© 
flg«Slc:*»A>5E^3tl^— f:3 0 .0 CDM3t*&fi:...Ill 9 
30 ^-tXoK. ^4^35 3 1 O^rJi^^-rS^l-. &^m3 1 

0 jcM^f+jpSB 3 3 0 ^m^-r?>&im^. m 2 (Dmm<o 
]f^m\zi)>7!>-^m^^i^-^ 2 0 o<DmiMifmtm^mi^ 

[00 781 (T'^^'f ■f^ffl*3<tt/^*) ^ 3 

<o?gffi»c*>*>5ffil8Jt I — 3 0 0 (omm-i. fS l *i J: 
05^2CO||J£<75?|^fl8Jw/i^y!i^5Di^3t^-lJ'l O 0, 20 

[0 0 7 91 M3<0|lii<DJ^fl8»c*»*»5®365t^ 
-1? 3 0 0 ®f^ffl*S iuf^mtt. IP^ 1 *i±t/|| 2 

40 <Dff^^lcA>;5>5ffi%)tl^-1f 1 0 0. 2 0 Oc^f^ffltJj; 

[0 0 8 01 m3<Dmm<DmmiZ7!)^i^^mmyt\^—^3 

0 OtcfcV^Ttt, ft4^§l5 3 1 0izm.^maU3 3 0;65Ji^ 
j^^tuTi^Sr tfcj:!?, li;j^f^jpgi}3 3 O^d^lStJ^mu 

3l^<^JPgC3 3 Od5®t/aiLTV> 
■5*1*1 iffi. l2)9Jj:^-r< 0 1 - 1 >::^[6]*;J;?J?< o- 

1 1 >;^[6]C0r t -efe ?) . ^^mm 3 3 0 L 

50 Tv>5:fr[Sji:aa:/i::^iS]ttt. iii9»c^-t-<o 1 1 
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I6j*jj:tf< 0- 1-1 >*f6]t^:i i:T-*)5. 

[008 11 ^^f-HMU 3 3 0 310 

©^iit©5t>31l3btWJ^4*S53 4 0 ai. 340a2. 3 4 
Oaa, 3 4 0 a4?^^$tUTt^5gS:9-eil^1-t-ff^J5K$iX 

[0 0 8 21 ±f2(D|IJiOJi^lifr*5l>T. ##3SC 

-Ga-As5^©'i)^0^-ov^■CtftWLfc^^ ^S&fttC 
J«;DT^(Dte<D«-J(4^. In-P^. In-A 

1— As^» Ga— In— As^,. Ga— In— N^, 
Al-Ga-In — P^s Ga— In-N-As^, A 

1-Ga-In-As^. G a - I n -A s - P5^t^cD 

[0 0 8 3] ^fc. ±f5<0|lli(DJl^^tc4olt5S^5tl^ 

im 1 1 1 <omm<omi§nci!,^i!)^im¥i^m^ 

[1212] lill»c^i-ffi|g)tS¥^^{*:u— !fWA-Ai»»c 

[1213] iiii(;i^$tu5ffi^3its^^ft:u— 1^**, m.m 
m^m ^^tfmx-mm i.tzm^\zisn ^mmjkm^&btz 

[041 4^mm(OfS 1 o|llS©J^^lcd>/&i5ffi%3tS¥ 
l2lT-*)5o 

I2|T-S)5„ 

[06] *|g|«<Z)||lo|IJS©?l^litcd>d-:5®^itM^ 
[121 7 ] 1 ©|IM(^J^«{'*^*>5ffi^)tS^ 

SrmSC6<)(c^-t-|2ITfcSo 

[1218] *^PJcD^2©|l:^<Dj^^t;i/i>A--5ffi^3tS¥ 
»t 5»faiS:mS;6<){c^i-|2|-efc 5. 



/5 

[0 9 1 3 

[010] -Igfi^/iffilg^Sili^f*:^— !f<^)tt^^tlfi5Sr. 

^-^t/ET-^ISf Ufc#^»::*5»t 5»fSSr«^ 

[??-§-©Ift?^l 

100. 200. 300 (E« 

JO 10 1 ^i^mm 

102 >"5s,77g 

103 TgB5 7- 

1 0 4. 1 04 a i^9yh'm 

1 0 5. 1 0 5 a 

1 0 6. 1 06 a ^ 7 y Kg 

1 0 7, 1 0 7 a mu^^mM^mm 

10 7c rngtesfti^s 

1 0 8. 1 0 8a 
1 0 9. 1 0 9 a =J 
20 110.210.310 ft^fel^B 

111, 211, 311 ^W&i^S 

111a. 211a, 311a mM1lk^S<Df^mU 

lllai. Illa2. Illa3. 1 1 1 a4 lUlft© 

lllx, 211x, 311x P9 

111x1. 111x2. 111x3. 111x4 ^'^<^ 

1 1 2 mum 

.113 .issm^s - 

30 115 Tasm^ 

116 HPlfB ..... . . 

1 2 0 

140, 240. 340 m^U<nmU 

140ai. 140a2. 1 4 0 as. 1 4 0 a4 Sli^^t© 

140b 1, 140b 2. 140 ba, 140 b4 

1 5 0 ^^mi^mmm 

2 11ai, 211a2. 21 las, 2 1 1 a4 m^<0 
40 240a 1. 240a 2. 240a 3. 240 a4 M^<0 

311ai, 3 11a2. 3 1 1 a 3. 3 1 1 a4 31:1^© 

3 3 0 ^^HMU 

340ai. 3403 2. 340a 3. 340 34 M^<D 
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(12) 



<001> 



<oio> 



<011> 




*• <011> 



<010> 



<oot> 



<011> 



i72)^m^ mm mm 



F^ — 5F073 AA51 AA65 AA74 AB17 CA04 
DA05 DA21 DA27 DA30 DA35 
EA18 



C<^W#-i-l 2001-284727 

[sT<ckmm%n] as 

l^Am B] 2001^(2001) 10^120 
[mP#-§-J ii#M2 00 0-91803 
IIStfBl 2004^ (2004) 1O>^70 
I^Pm^l ^7gI5P!^2E:J> 
[HI^#?f^>®«7)Sl 

HOIS 5/183 

HOIS 5/343 
IF I ] 

HOIS 5/183 

HOIS 5/343 

[JSttSBl 2003^ (2003) 9^240 

i^mmjE 1 1 
1 1 

Dijtit (10 0) sr*-t--5¥»f^x«-h>-*s«dS0^$ti-. m^mm-^ntits.^mi^m^tmw.:tjf^^u-^^^ 

HuiB!014ft<o?|^4^lFB(i, mmn,m^^m(r>ff^mB<^'¥'t-i>^h< 0 i 0>::^i6], <oo i >:fe-|6]:.'<o-io>:fri6jv.*s^ 

[^3fi^2l 

»*3Sl^C*3V^T. 
lfo 

[§i*jS3j / 

li*«l^fctt2(C*JV^T. 

>:^|6]. <0-ll>:^|6]. i3J:O5<0-l-l>:fr|6Hc:-?:tu^tu5^iiJLT#e>H5?i^:btSr. ■?:Jv-?r-*T.< O l O 
ifi]. <0 0i>:/^|p]. <o-iO>:^i*i. *5J:«< o o- 1 >:fr|Bi--i:glt$-frfc4^flii?fc5, ffi5S^S!i|t3fflr i^- 
■To 

Ii«*«4l 

1 ~ 3 ©V ^-ri^M::*^v ^T. 

if 1 ~ 4 ov ^-f ^x. 



B:*:B1#SJt (JP) 
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(2) 

[St*«6l 3 0 4 

fi*3S 1 ~ 5 (Ov-'-f ^^*^(r*5^,^T. 
it*^ 1 ~ 6 cD^-'-rt^^^lMc*i^/^T. 

[lt*Jl8] 

if 1 ~ 8 (7>i,N-f ^^^4c*J^^■T:. 

101 
1 1 ] 

UT<OTM (a) ~ (c) Sr^tpE^^S^^ft^w— r©S!»5t:^i£, 
(a) mwm. (10 0) tr*-t-5¥*«!:S«©«ffife:. «i!E$lf^S«r?l^^t-5fc«)<oeSr-&tf^^«cita[® SrSSr 

t^$l^fcfl^r!Em^E$fe^e«?l^ffiiit©t■'C^*»^-?:^^■^i^<0 1 0>*[Si. <0 0l>*|fi], <0-10>*|Si. *jJ:t;5 
[lt*«12l .. 

t»*:^i iJcitiv^T. 
MIEXS (b) t;i*JV>T. 

[fg*« 1 3 ] 

tfrlEXS (b) ^c*^v^-c, 

IStf$nfcHtffafl;»E$^3gS<Drt;gii:cD4'-6A^f>< 0 1 - 1 >;^|6], <oi 1 >:^[pi. <o-ii>:^[pi. *3j;u5<o 
- 1 - 1 >:^[6](;iHulEII«S$fe^S»rtJl^Sr5^fiJ LX'^^ix^M'-^^. 'tti'eixK 0 10 >*|6], < 0 0 i >:fy(fi), 
< 0 - 1 0 >:i^|oI. *Jj;tJ«<0 0-l >*|pI'^i:19:lt^?-l*:T. tuiE3fll^©?g4^gBSrJ^^-#--5, ffilS3tS!¥^(l^ l— If 

Iit*« 1 4 1 

fl*3®i 1 — 1 3(D^^•ri^*M;::*^.v^-c. 
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(3) 

t&iaxm (b) ^c*s^^t:, 5 » 6 

iit*« 1 5 1 . • 

11^^ 1 1 ~ 1 4 oDv^-f tu*>lc:*5t>T, 
mriEie (b) ^c^5^^-c. 

1 6 1 

tl*«i 1 — 1 sov^-ftud^fctJV-'T, 

ttriEia (b) ^c*^v^T, 



